Currently, several researches focus on the topic of Knowledge Management, mainly aimed at preserving and transferring intellectual capital, which promote the retention of critical knowledge in Institutions. The National Nuclear Energy Commission (CNEN) of Brazil, the federal authority responsible for the national nuclear energy standards, research, development, and regulation, has been facing difficulties in human resources due to the increase in the number of retirements and the lack of replacement of people, especially with the scientifictechnical profile, as a result of the cancelation of public employee hiring in the country. The purpose of this study is to map the critical technical areas at the Institute of Radiation Protection and Dosimetry (IRD), from CNEN. A model used by the International Atomic Energy Agency (IAEA) was adopted here, which takes into account the time for retirement, beyond the specificity and availability of knowledge. As a result of the study, it was possible to identify that in all end-areas, the IRD has employees that retain the critical knowledge, but they are hard to be replaced or transfer their knowledge. Therefore, a management plan should be implemented for the retention and transfer of knowledge specific to the nuclear area, which is essential for IRD to continue to meet its strategic objectives and that also contributes to minimize the impacts to the country generated by the loss of this sensitive and specialized knowledge. It was possible to identify that the areas that will be most affected by the loss of critical knowledge are radiation protection and metrology.
1-INTRODUCTION
The National Nuclear Energy Commission of Brazil (CNEN) and its institutes are facing, over the years, the aging of the workforce and, consequently, a significant drain due to retirements. This fact, added to the lack of sufficient public tenders to meet the reduction of the number of employees, can cause a significant loss of institutional knowledge [1] .
This work focused on the Institute of Radiation Protection and Dosimetry (IRD) in order to map the areas where the loss of knowledge can be classified as being critical to the continuity of the activities developed. This loss of critical knowledge is due to both the specificity of knowledge and the skills required performing the function, as well as the difficulty in recovering this kind of knowledge.
So, with regard to the IRD, the loss of intellectual capital generated by the growing number of retirements unleashes a huge damage to the area of radiation protection and dosimetry, once the technologies, experiences and knowledge gained from decades of research and development, are often not sufficiently documented, preserved and transferred.
Knowledge transfer involves two aspects as described [2] . First, it is the passage of knowledge to another person, while the second aspect refers to the assimilation of this knowledge by the person who is receiving. So, in order for the knowledge to be transferred effectively, it is necessary that both the transmitter and the receiver of knowledge be able to perform these two actions. However, several factors may prevent the knowledge to be transferred or stored. This paper focuses on mapping the critical areas threatened by the loss of intellectual capital, so that the mitigating and urgent actions may be directed to the most sensitive areas of IRD.
-THE INSTITUTE OF RADIATION PROTECTION AND DOSIMETRY
IRD is an institute of research, development and teaching in the area of radiation protection, dosimetry and metrology of ionizing radiation, linked to CNEN, which operates in collaboration
with universities, government agencies and industry to promote the safe use of ionizing radiation and nuclear technology.
The Institute represents one of the reference centers in Latin America with regard to the control of radioprotection, dosimetry and metrology of ionizing radiations. Among its many activities we can mention research in in the fields of radiological protection, dosimetry and metrology of ionizing radiation; keeping, developing and disseminating national standards; also participating and preparing trained and integrated personnel to respond at the national level to possible nuclear and radiological emergencies; providing specialized training and qualification of human resources to the nuclear sector and related; and others. [3] IRD has four major areas of operation which are dosimetry, health physics, metrology and environmental radiation protection.
The dosimetry is the process that ensures the different practices with ionizing radiation are carried out in accordance with the norms established by CNEN with regards to the dose limit for All of these major areas of the IRD cover the specific knowledge necessary for the continuity of the organization's activities.
Often the employee, that holds his own critical intellectual capital, does not identify and organize himself all the knowledge in order to transfer it to their successor or even leave recorded in documents way [4] . This kind of knowledge, identified as tacit knowledge, is intrinsic to an activity or process and, therefore, it becomes difficult to be captured and converted. Like most of the organizational knowledge is in the mind of the people who make up the staff of the organization, if the knowledge is critical for your performance, the person who holds it becomes essential, what makes your way out of a potential threat of loss of this resource [5] .
Thus, the identification of critical intellectual knowledge is one of the main step to be considered in knowledge management. 
3-METHODOLOGY: ASSESSING THE INTELLECTUAL CAPITAL OF IRD
To map the critical knowledge of IRD, the model used by the IAEA (2006) was taken as the basis in which we considered: time for the employee's output, the knowledge, the ability of the employee and the availability of replacement staff, with similar knowledge and skill. This model is advantageous as it allows identifying immediately where there is the greatest risk of loss of critical knowledge.
First it is necessary to identify how many, of the total number of employee, already fulfilled the requirements for retirement, despite of carrying out normal activities. After, is important to know how many of these retiring employees have the critical knowledge for the accomplishment of the essential activities to achieve the mission of the IRD.
In this model, the so-called Dropout Risk and Position Risk Factors are taken into account. The Dropout Risk Factor is based on projection of time for the retirement of the employee, as described in Table 1 [6] . The Position Risk Factor depends on the manager's analysis, taking into account the knowledge and unique skills possessed by employee, in addition to the estimation of the degree of difficulty or level of effort necessary to replenish the position, as shown in Table 2 
20-25
High Priority -immediate action required. Plans of action for specific substitutes replacement, with dates, must be developed to include: Knowledge retention plan, evaluation of knowledge management, specific training on the job. Training/shading of historical incumbents.
16-19
Priority -replacement plans should be established to address the method and substitution Time; recruitment efforts should be established, training and shadowing of the current holder.
10-15
High important -taking into account the way in which the position will be filled and the work done. University recruitment, training, process improvements, reinvestment.
1-9
Important -recognition of roles and positions and identifying the need for replacement. 
4-RESULTS AND DISCUSSION
In IRD, we conducted the survey of employees that have fulfilled the prerequisites for retirement, but that by personal choice are still working. Thus, it was possible to identify that, at the time of this study, 46 employees holding the top-level position can submit the application for retirement at any time because they already have the conditions to do so. So, for these 46 employees, the score 5 was assigned to the Dropout Risk Factor. In parallel, the Director of the IRD, based on Table 2 , attributed the score to the Position Risk Factor for each of these employees.
Taking into account the information contained in the database of human resources in 2017, the Institute currently has 108 top-level carreer, being 28 analysts, 26 researchers and 54 technologists. Considering the fact that critical knowledge is within the most important activities within the organization, we will focus on the finalistic areas, which include the careers of technologists and researchers.
Regarding the final area of the IRD, namely, technologists and researchers, there is an imminent risk of the loss of 40% of highly qualified personnel, as shown in figure 2. Table 4 shows the result corresponding to the total IRD risk factors, after applying the methodology adopted. 
5-CONCLUSION
In the nuclear sector, we often hear that only one person owns a particular kind of knowledge, but very little is done to prevent this problem. In a culture where knowledge is power, many fear losing their space, and so might not bother to transfer the knowledge acquired through years of work. On the other hand, we notice that there is a policy of encouragement for this to happen. This work pointed to the endangered areas with the greatest risks for loss of knowledge of the IRD.
It was possible to identify that, in all areas of IRD described, there are employees with highpriority risk factors.
The greatest risk of critical knowledge lost is radiation protection area, where nine IRD employees have an unique and hard skills to be replaced; followed by the metrology area, where there are six employees in this same situation.
A quick way of trying to preserve this intellectual capital should be proposed, in which filmed interviews are conducted with employees that are still working, but on the verge of retiring. At a more strategic level, actions should be developed to encourage a culture of knowledge transfer to future generations of employees.
For future research we suggest to extend the application of this methodology to other institutions of the nuclear sector that represent the risk of loss of intellectual capital, in order to mitigate the weakening of the area.
